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ABSTRACT 


Studies were undertaken to determine the digestible energy (DE) 
and metabolizable energy (ME) values for rapeseed meals (RM) and for 
soybean meals (SM) fed to growing pigs. The effects of method of 
determination on DE and digestible nitrogen (DN) and on ME values of 
RM and SM fed to growing pigs were also studied. 

In =the one study, 2 samples of RM ot either Brassica campestris 
or B. napus type and commercially processed by solvent, prepress 
solvent or expeller processes were evaluated. Two of the meals were 
from RM not in commercial production, one from zero-erucic acid seed 
of napus type and one from Bronowski (low glucosinolate) napus type 
seed. Results showed that the DE value of eleven samples of RM 
(excluding only Bronowski meal) averaged 3.60, 3.07 and 3.05 kcal/g, 
foc 16 ke, 35 ke and 65 kesliveweisht pigs respectively. “The overall 
average DE value for RM was 3.21 + 0.18 kcal/g. The overall average 
ME value was 2.89 + 0.19 kcal/g and the ME corrected to nitrogen 
equilibrium (ME) value was 2.64 + 0.19 kcal/g. The average DE, ME 
and ME values =for'sM (507 protein) in keal/@ were 4/21) + 0.16, 

Oe eeO ry eande Os es Lourespectively. 

No significant differences were observed when two different 
methods were used to determine the energy values. One of these was 
a "substitution" method where the ingredient tested replaced part of 
the basal diet while the other was an "addition" method, where the 
ingredient tested was added to the basal diet. When the test meals 
were fed for two different lengths of time prior to conducting the 
determinations, no significant differences were observed in the 


energy values obtained. 
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Comparative evaluation of some techniques used in determinations 
of nitrogen and energy content of feces from pigs were undertaken. 
Results showed that no significant differences were observed in 
nitrogen or energy content when measured in the wet or dry (60°C for 
72 hr) feces. It may be concluded that either wet or dry fecal 
material may be used for nitrogen and energy determinations in pig 
digestion trials, without significantly influencing the results 


obtained. 
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INTRODUCTION 


Rapeseed production in Western Canada has increased dramatically 
in the last decade. Today Canada is the largest producer of rapeseed 
in the world. Two million acres were planted which produced 37 million 
bushels of seed in 1969, while 3.95 million acres were planted which 
produced 71.2 million bushels in 1970. The majority of the crop is 
exported, Japan and The Netherlands being the major buyers (Rapeseed 
Digest, 1971). Since rapeseed contains approximately 40% oil, the 
remainder being meal plus moisture, the extraction of oil from the 
seed results in the production of large quantities of rapeseed 
meal (RM). 

RM contains on the average 36% crude protein, 13% crude fiber, 
2.2m fat, 0.6% caleium and 1.02 phosphorus (Clandinin, 1967). With 
its relatively high protein content, RM is a potential substitute for 
soybean meal in pig diets. The use of RM in Canadian pig diets has 
been increasing, but published experimental information is not avail- 
able on the digestible energy (DE) and metabolizable energy (ME) of 
RM for the pig. 

As the formulation of animal diets becomes more precise, the need 
for accurate information regarding the available nutrient content of 
feedstuffs becomes more imperative. Since energy is one of the major 
components of the diet, the accurate determination of this component 
is of prime importance. Feed formulators have frequently been using 
ME values for RM derived with the chick and applying these values in 
the formulation of pig rations. There is evidence that for high 
protein feedstuffs DE or ME values for the pig are above those for the 


chick (Diggs et al., 1965). Researchers have shown that with the 
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Biryas, different methods of experimental procedure have resulted in 
significantly different ME values (Rao and Clandinin, 1970). 

The present studies were undertaken to determine, by different 
experimental methods, the energy values of various rapeseed meals for 
the pig and to compare these values with those obtained for soybean 
meal. These studies were conducted in the Department of Animal Science 


at The University of Alberta from May 1968 to March 1971. 
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REVIEW OF LITERATURE 


IWS (yest halyasyeakoyey Ose energy: 


The National Academy of Sciences - National Research Council, 
publication 1411 (1966), outlines the parameters of the utilization of 
energy of feedstuffs as feed-intake gross energy (GE, ), apparent 
digestible energy (DE), metabolizable energy (ME) and net energy (NE). 
The relationship between these measurements is shown in schematic form 


in Figure 1: 


FIGURE 1: The utilization of energy. (conventional scheme) 


Feedstuff consumed, gross energy (GE, ) 
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Urinary energy Gaseous products Metabolizable 


of digestion energy (ME)* 
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Heat increment Net energy (NE) 


* When ME is corrected to nitrogen equilibrium, it is known as 
nitrogen-corrected metabolizable energy (ME) 


GE. is defined as the dry weight of the feedstuff consumed 
multiplied by the gross energy (GE) of the feedstuff per unit dry 
weight. 

DE is defined as the GE of the feedstuff consumed minus fecal 


energy. Fecal encrgy is defined as the dry weight of the feces 
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multiplied by the GE of the feces per unit dry weight. In this 
conventional scheme of energy utilization, DE refers to apparent and 
not true DE. Under the conventional scheme, fecal metabolic energy 
and endogenous urinary energy are considered part of the losses in 
digestion and metabolism, while in the true energy distribution scheme 
these fractions are part of the maintenance energy requirement. There- 
fore apparent DE is GE. minus fecal energy of feed origin plus the 
amount of energy contained in the sloughed intestinal mucosa and 
digestive fluids that are not obtained from unabsorbed ration residues. 
ME is defined as the GE, of the feedstuff consumed minus fecal 
energy, minus urinary energy, minus the energy lost in the gaseous 
products of digestion. Urinary energy is defined as the GE of the 
urine. The gaseous products of digestion include the combustible gas- 
es produced in the digestive tract incident to the fermentation of the 
energy. For monogastric mammals and birds, the gaseous products of 
digestion are not normally considered. Bowland et al., (1970) using 
respiration chambers observed that methane production averaged 1.1% 
of total DE for male castrate pigs between 25 and 74 kg liveweight. 
ME. is defined as the GE, of the feedstuff consumed minus fecal 
energy, minus urinary energy, minus the energy lost in the gaseous 
products of digestion; the total is then corrected for nitrogen 
retained or lost from the body. When nitrogen is lost from the body 
and animals are in negative nitrogen balance, X kcal are added to ME; 
when nitrogen is retained in the body and animals are in positive 
nitrogen balance, X kcal are subtracted from ME. This correction 
factor is based on the average energy content of urine per unit of 


nitrogen. For the pig a factor of 6.77 kcal/g nitrogen in the urine 
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is used as the correction factor (Diggs et al., 1959); for the chick 
euraGtoteol cn/Sukeal/ cals used (li tusseteal. 11959) unRAceeneral 
correction factor of 7.45 kcal/g is used for other animals, however 
this value was obtained with dogs and differences between species 
should be recognized (NAS-NRC, 1966). 

NE is defined as the difference between ME and heat increment 
(HI) and includes the amount of energy used for either maintenance 
(NE) or for maintenance plus production (NE + See HI is defined 
as the increase in heat production following consumption of a feedstuff 
when an animal is in a thermoneutral environment. 

When making up feed composition tables, the appropriate energy 
measure is usually expressed on a per unit weight basis. Composition 
may be expressed on air dry "as fed" or on a "moisture-free" basis. 
Expression of energy and nutrients on a moisture-free basis simplifies 


computation and diet formulation. 


Determination of energy values: 


A feedstuff may thus have separate energy values for cE, DE, ME, 
ME and NE. It is possible that NE would be the best measure of 
available energy for actual body use by the pig; however, NE is the 
most difficult energy measure to determine. In the growing pig, 
maintenance and production energy are seldom separated as interest is 
in overall performance. In addition, NE is influenced by the level 
of feed intake, the balance of all the nutrients in the jration; qthe 
age, breed, sex and condition of the animal used in the determination 
and the environmental conditions which are present during the deter- 


mination (Hill and Anderson, 1958; Provatorov, 1969). It is not, 
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therefore, truly a measure of the energy in the feedstuff but to a 
considerable degree a measure of the animal and its environment. 

ME is more difficult to determine than DE because urinary collect- 
ion must be made. This measure is widely used with chickens where 
fecal and urinary excreta are voided together, hence, with avian 
eoecies it is easier to determine than DE. ME has the weakness that 
the values are not strictly additive when feeds are combined into a 
diet because urinary losses may vary with the nutrient balance. On 
the other hand, as pigs are usually given well balanced diets in which 
the urinary losses of energy are reasonably constant, then variations 
in the ratio ME:DE should be small (ARC, 1967). 

DE has the advantage that it is relatively easy to determine, and 
takes into account the major energy loss associated with digestion and 
AbSsOupLIONn,ethat of Chesieces..= Diess etval., (1965) found that for a 
range of feedstuffs ME averaged 94.7 + 5.3% of DE and ME averaged 
OV. 6 Feo OL “DE. Nehring tenrall..= (1960) sreported that fthemMEgor 
barley when added to a basal diet for adult pigs was 97.7% of DE. 
Tollett et al., (1961) reported that age within the range 35-160 days 
did net affect DE or ME. values in full fed pigs. Thus it should be 
equally satisfactory to use the more easily determined DE value rather 
than the ME value for pigs. 

The limitation of GE is obvious, as it does not take into account 
the energy lost in either the feces or the urine. For standard rations, 
differences in crude fiber markedly affect their available energy value 
and hence their relative feeding value. The most important consequence 
of substitution between standard feeds, is usually due to differences 


in the crude fiber of the substituted products (Crampton, 1956). For 
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instance, the crude fiber from whole oats is 38% digestible while from 
rolled oats the crude fiber is 80% digestible (Morrison, 1956a). Hence, 
by rolling oats the crude fiber digestibility was improved by 422, 


thus improving the available energy of the standard ration. 


Energy values of various feedstuffs for the TAL Oae 


Most of the values for DE and ME in feedstuffs for pigs have been 
mathematically derived by converting Total Digestible Nutrient (TDN) 
values to DE values and converting DE to ME by regression equations 
(NAS-NRC, 1969). The commonly used formulas are as follows: 


DE (kcal/kg) = TDN % x 4409 
100 


ME (kcal/kg) for swine = DE (kcal/kg) x 96 - (0.202 x protein %) 
100 


Mitchell and Hamilton (1933) conducted some of the first trials 
to determine by experimental means the energy values of certain feed- 
stuffs for the pig. They reported that the ME of oat hulls was 1.12 
kealt/emandethaty of a ltal faywast 1.6 2ukcali/e 2). Forbesmand Mani ton\1952) 
reported that the ME in kcal/g of wheat straw was 2./1; oat hulls was 
2.74 and alfalfa was 2.69. These higher values, compared with values 
reported by Mitchell and Hamilton 19 years previously, are attributed 
to higher crude protein levels in the feedstuffs. Garrigus and 
Mitchell (1935) reported that the ME of whole corn was 3.66 kcal/g 
while the ME of ground corn was 3.79 kcal/g. 

Energy values for the pig and the chick of some feedstuffs 


relative towwheat are showminerable 1. » A icomparison sof the ME values 


- ; 


- 


wih wil tie 


earned 


. ee: 


a a aoa ib 33t. 


7 


; 2 
_ 
: a 3 
: _ 


ee ° 
7 ad - oF ay ates . 4 
yo! ‘+e age 


i 
aod 


5 ine 
- ‘J 


- 7 , _ 7. . 
ay . oe ofS P atarpe ads rq talles 
here tr rit oidigamg $2 ae . - 
- 77 a 
7 one? . Mab dkpeng ts’ wad} aera at cad ~ is 
; : a a a) 
vs i yy | ih on - ool) ivo 7 ai BUNT) 
ik 7 bi is nia¢ ary t (ites 94 01 - - % - - 
of 1 a ° a 
: * . ‘ fp 
J ae “13k ear >i ioe? A a i wl hv 
: j im La i j 7 » 31 
iz. ‘ 
vt 7 (| v : [ . a F 7 su vd Amy 6@ ‘ u 4 > vis i 
) rw y 2 
‘ 
ae son ats ‘ ae > he TOA 
Pins May 
i 
b ’ - “7 v) 
{| 
1 ] ; 1) ! oY ie? = 4 i~@ 
a 
] of iu ; va ougt » Peo ' 
4 @ i! 28 ] fi : 
i 
J , wig eaier® \ _ f i y iM 6 ta a 
ed boi A 4 ie 7? Tip 4 Fa : 5 ) hm Doe 
v 
—* 
ce he if rid 1% 25 ‘cary cg y¢ @% y. ~ 4 4 é tia: 
- _ —- 
7 ie ® vinsage rh ono. GE nog tie iv 


wt ‘ i 5 ll Wehae' dats x siete! hs 


for the two species show some similarities, as well as some marked 
differences. The available energy in the high energy cereal grains, 
such as wheat and corn,is similar for both the pig and the chick. 
However, for wheat bran and for soybean meal (SM) containing 50% crude 
protein, (Nixs6925) 3 =the ME values reported for the chick are substan- 
tially below those found for the pig. The difference for wheat bran 
could be attributed to the reduced ability of the chick,compared with 
the pig, to digest fiber via microbial activity in the alimentary tract. 
The pig varies in this regard as it becomes mature, Zivkovice and 
Bowland (1970) observed that mature sows could digest high crude fiber 
(9.3%) diets to a greater extent than younger pigs. They also report- 
ed that sows were most efficient in digesting organic nutrients on the 
90th day of gestation, poorest on the 10th day of lactation and 
intermediate on the 30th day of gestation. 

The reason that the ME. value for SM is different for the two 
species is not known. One can speculate that perhaps the inability 
of the chick to utilize galactose (Rutter et al., 1953), and the 
differences in digestive tract capacity between the two sym could 
account for some of the variation between the values. No experiment-— 
ally determined values for DE, ME or ME. for RM have been reported for 
the pig. Bowland and Schuld (1968) calculated that RM had an average 
ME, of 1900 kcal/kg meal on an "as fed" basis. On the basis of work 
reported with feedstuffs other than RM, it is apparent that the energy 


values of feedstuffs should be considered as being species specific. 


Digestive and metabolizable energy values for rapeseed meal: 


Bowland (1966) reviewed extensively the feeding value of RM for 


een co Bae : 

a: tie 2 ; ae : ; | 
| hat tte ad La / es a3 . aaah, zi omg olik wa 57 
‘daa ar t efart: fe 18? TU4b 


ack aes ene - 


ae 7s Date. 4 a i 
i suid ats tine qhq sata dere cet Sate sete howe tuede ee Anda 
or’ % Aas 


we wWiaksiua, © la ve iz eqns st im aetd Inetw 303 eren 


_ 
vo?. 4% regges eulayv - ‘war .4224 «2 W ae 2 


A toaA * 
ue id i a ss te) nh eit hie "9 Oey ‘es faved ie Oe 3 ut G el 
j _ A 
A ‘ oa larity ots Bo verti dy Secebar ah? af rinses a Te 4G biua . 
ry - 1) j | t d , : Go all ery - ad 3 
we ee : “rs Ewe f tag . ent inv 
‘* 
é f } 
oe sie b é t4 “Aa é tt } 
~2 iT efey rayne, ) Japgav C3 eselb 
ms t i ' roasery a2) 3 ea | t ' 
7 
trv vise ant! Fo. val Ol Sta. 00 3997 ‘ jg 5 ane 16 YAR As0e@ 
7 _ 
a - 
nt , es [®& n 1, A bi fa =] yy” ul bse@tes 1b 
aad 43 ] wis b i AG Th Gl tual fan] [| sat eT 7 
a | 
| _ 
wari aie wf jattea Jett @kalnosgs We» j asd rap 4) ad omag ; 
» pam © —. a : 4 oy ‘ é i yl ix's oA q 
pe: (CRAG? vie, teas POGM) weggawtag ax: sits off Ie 
7 . 
bien» «al on@ <ayt, Of* reeesed Witount P4532 Loesgih at eonnws i 
7 ‘; = 7 Va y 
6 7 a) - i i 
pitekweAs oo | Veeetlgw Gilt Ghee malsacary a) Yo eqoe sod taesse 


vol Sattequ: ever ovusl a hie a. ib) i ? ey) aeuley oboe hte 
ET ® «9 iity 5 “t) i feat! eves ule ~~ 
; aegis taxé ct mts i ao ie: 


wah de ned. weds A uy 
cobra en allen’ of pecans wel 
are | 


- _— _ 7 - i i a | 
Jpn Wiogeps a 8) sales 


aens 7” ai bs an tare ‘hv Vb barem 


°(T/6T) SOUN-SVN Worzy peatsep Aaq{Tnod 10F senTeA 


+ 

°(GO6T) ‘S*T@ 28 SB3Tq WOAF PeATASp sUTMS ACF SoNnTeA i 

eee eee ee eS ee SS SS _S .  e  eeenas 

cS LE 67 °T 76 OL By iCe ee LOG ueiq 7eouM 

90T 06 Cig c8 c8 COMG G6 6S °€ (uepeyuem) TeRewW YSTy 

GE SZ OL°2 8 SOT Cle 9TT 6€° 4 (40S) Teeu ueeqhos 

Ect cS BL°T 98 6€ 07 1 cy ashen (4LT) Teew eITeFTV 

L6 €8 88°C 96 78 LOmC c8 ORG $220 

Gor Cie Goi & 76 90T LL’¢ 90T 00°? (punoi3) uxz09 

L6 OOT Gye 76 OOT GG°E OOT Liat (punoiz3) JeeyM 

s38td jo enTepA enTeA qd aNTeA anTeA enTeA enTeA Jjnqspoesy 

UAW % eATIeET Oo JO Z = PATISTON sATIETOY 
“aH "aH ad 

a yOUEMS 


(stseq toqjew Arp 3/Teoy se poesseidxy) 


‘yOTYD oui pue 38fTd oy} AOz ZeOYM 02 DATIETEI SJjnjspesz owos jo sonTea ABr0UuUq 27 eTIPL 


7 genes LH Gewrpke> pyar! beer direeuc* (hast) 


Po ee i 


(7age)™ 


10 


swine. However, DE or ME values of RM for the pig were not available 
then, and are still not available. Hussar and Bowland (1959) obtained 
no significant effect on apparent DE in pigs weighing 7, 28 or 60 kg 
liveweight, when receiving diets containing 0, 2 or 10% expeller-ex- 
tracted RM in replacement for SM on an isonitrogenous basis. However 
the 10% level of the same sample of RM significantly reduced the 
apparent DE with rats; this observation was later confirmed by Manns 
and Bowland (1963). 

Schuld and Bowland (1968) reported that 8% RM in the starting and 
growing diets for pigs, when replacing SM on an isonitrogenous basis, 
had no depressive effect on the energy values of the ration, but did 
depress feed intake and growth performance. In contrast, Bayley et 
al., (1969) found no effect on performance during the finishing phase 
by adding 11% RM to replace an equivalent level of protein from SM. 
Saben and Bowland (1971) found that 8% RM, when replacing SM on an 
isonitrogenous basis, fed to sows both in the gestation and lactation 
periods for two reproductive cycles, had no significant effect on 
feed conversion efficiency, gestation weight gains or inepeen weight 
losses. 

Bell (1965b) in studies with solvent-extracted RM of Brassica 
campestris origin and free of the enzyme myrosinase, obtained no 
reduction in energy digestibility of the diet, when the meal was fed 
to growing and finishing pigs. The addition of ground rapeseed 
screenings added as a source of the enzyme myrosinase, caused a depres- 
sion in digestibility coefficients of energy and protein. Hence, 
myrosinase may be implicated in digestibility depression. 


The development of growth-inhibiting properties in RM appears 
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dependent upon hydrolysis of glucosinolates (thioglucosides) into 
isothiocyanates (2-hydroxy-3-butenyl) and oxazolidinethione. The 
hydrolysis can be effected by the enzyme myrosinase, normally present 
in unheated rapeseed (Greer, 1956; Kjaer, 1960; Virtanen, 1965) and 
shown to occur in the gastrointestinal tract, where it is produced by 
certain bacteria, especially E. coli and A. aerogenes (Bell and 
Belzile, 1965). 

Bell and Belzile (1965) in their review article observed that 
commercially produced enzyme-free RM, containing unhydrolyzed gluco- 
sinolates, is free of most of the undesirable properties if myrosinase 
is not reintroduced by other dietary means or by intestinal bacteria. 
Lodhi et al., (1970) fed diets, with and without myrosinase, and 
containing up to 30% RM, and showed no effect of dietary RM on the ME 
ofethe (chick.diets; 

Studies on the energy values of RM for poultry are limited. The 
use of RM in poultry rations has been extensively studied by Clandinin 
and Robblee (1966). Sibbald and Slinger (1963b) using chicks, reported 
a value of 1670 kcal ME/kg RM [dry matter (DM) basis], on ee sample 
of solvent-processed RM, which analyzed 43.1% crude protein. Sell 
(1966) using hens reported a value of 2290 kcal ME/kg RM (DM basis), 
on one sample of solvent-processed RM which analyzed 38.3% crude 
protein. Rao and Clandinin (1970) obtained average ME values for two 
RM samples analyzing 39.8% crude protein of 1347, 1468 and 1533 kcal/kg 


(DM basis) for 14, 28 and 42 day old chicks. 


Factors influencing energy values: 


Descriptions of feedstuffs are sometimes incomplete. Nutrient 
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differences in different sources of the same ingredient can lead to 
variations in energy values. For instance oats might have varying 
fiber percentages (NAS-NRC, 1969), for example: Oats, grain, heavy 
with 10.9% fiber yields 3086 DE kcal/kg, while Oats, grain, light 
with 16.5% fiber yields 2822 DE kcal/kg. As considerable variability 
exists between different sources of the same feedstuff, tables of 
values of energy composition do not necessarily give the correct 
energy value of the particular sample used in the formulation of diets 
for the individual pig. 

The average comparative values of cereals based on DE content of 
the cereals when fed to pigs do not appear to vary greatly between 
North America and the United Kingdom (Table 2). Thus corn and wheat 
have about 113% the value of barley, and oats about 89% the value of 
barley. However, there is ample evidence (Hoppner et al., 1968; 
McElroy et al., 1948) that the nutrient levels of Western Canadian 
grains Aierer from average values published by NAS-NRC (1969) and that 
some of this variation can be attributed to soil and climatic influ- 
ences. It should be recognized that variation in the ee: 
composition of individual cereals may be greater than the differences 
in average composition between cereals (Jones et al., 1968). 

The species, breeding background, sex and age of animals have 
been shown to affect the energy values of rations. Diggs et al., (1965) 
observed that the ME. value of SM was greater for the pig than the 
value for the chick. Slinger et al., (1964) reported that differences 
existed between chickens and turkeys in their ability to metabolize 
energy from either a high or low energy ration. 


Bowland and Berg (1959) reported that different groups of pigs 
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Table 2: Relative economic value of cereals for Sg 


Cereal 


Barley 
Corn 
Wheat 


Oats 


Bowland, J.P. 
Chamberlain, A.G. 


3 NAS-NRC, 


L969)" 


from ehanber lain. 


Unpublished 


GESGI)y 


Digestible energy content 


100 


JERI 


114 


18) 


datar 


from NRC? 


100 


HAP Ms 


114 


85 
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may have different nutrient requirements. Bell et ale Gi953) sound 
that significant differences in energy digestibility by pigs existed 
between stations. The differences could be associated with genetic 
and/or environmental factors. Skitsko and Bowland (1970a) indicated 
that breeding background and sex of market pigs are important consider- 
ations in formulation of energy requirements, insofar as performance 

is concerned, but they showed (1970b) that neither breeding background 
or sex significantly influenced DE or ME values. Recently O'Grady and 
Bowland (Personal communication, 1971) observed a sex effect in the 
response of rats to diets having different DE levels, but constant DE: 
crude protein ratios. Male rats required diets having a higher DE 
concentration than female rats. © Thisisiin contrast tovSibbalds (1957) 
who showed no sex effect on DE concentration with rats. However the 
latter mentioned study was conducted for a short period relative to the 
former study. 

Zivkovié and Bowland (1963) observed significant variation in the 
ability of “gilts*™to digest organic, nutrients, with the vexception of 
protein, during growth, gestation and lactation. They obtained the 
highest average coefficient of 75.6% for fat digestibility during 
gestation, 69.6% during growth and 59.4% during lactation. The average 
digestion of crude fiber was 15.8% during lactation, 10.1% during 
erowth and 9.52 during gestation. These some researchers reported 
(1970) that mature sows were able to digest high crude fiber diets to 
a greater extent than were young pigs. 

Sibbald eteal., (1959) “showed that thewME (contenteof sseveral 
feedstuffs differed when chicks of 3 or 7 weeks of age were used for 


the determination. Renner and Hill (1960) showed that as age increases 
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so does the ability of the chick to utilize tallow. Lodhi et als 
(1969) and Rao and Clandinin (1970), both observed that as age increased 
so did the ME values of RM when fed to chickens. 

Wagner et al., (1963) reported that an increase in the energy 
content of pig diets resulted in a decrease in the yield of lean cuts 
of meat. Bell (1965a); Robinson (1965); Seerley et al., (1964) observ- 
ed that at a constant energy intake level in the diet, while increasing 
the protein intake level, leaner carcasses were obtained. 

Robinson and Lewis (1962) observed that the DE value of barley 
was, 2.o08,kcal/o,.oL scorm 3. 43eandsot wheat 63. 30u0re 19 7Zaand Wie 7 hehe 
value of barley respectively. In contrast Young (1971) used corn ‘as 
the base index of 100 and found that barley had 85%, oats 79% and 
wheat 94% the DE value of corn. Using barley as a base index of 100, 
corn was 118%, oats 93% and wheat 111% the DE value of barley. One of 
the differences between these two studies was the method of determina- 
tion used to ascertain the DE value of the grain. The former research- 
ers used the method described by Hill and Anderson (1958) and Potter 
and Matterson (1960), which consists of feeding a basal ration contain- 
ing a chemically pure material of predetermined ME content and a test 
ration, similar to the basal ration, but in which a portion of the 
reference material is replaced by the fecedsturt to be determined.) ine 
latter researcher used the method described by Diggs et al., (1965), 
which consists of feeding the basal ration, formulated to provide 
adequate amounts of all nutrients except energy, and the reference 
material added to the basal ration, thus obtaining values of the 


reference material by difference between the test ration and the basal 
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Studies have been undertaken to determine whether the balance of 
the nutrients in the ration affects the energy values obtained. 
Sibbald et al., (1962) determined the ME value of wheat, barley and 
corn by substituting each grain for all or part of the basal ration. 
The protein contents of the rations varied from 8 to 33% and the ME 
values of the grains were found to be unaffected by protein level in 
the test diets. 

Sibbald and Slinger (1962) determined the ME content of SM and 
meat meal when they were incorporated at levels of 25, 50 or 75% of 
the ration. They observed that the ME of SM was unaffected by the 
level of inclusion in the ration, but meat meal values increased as 
the percent inclusion increased. However, Olson et al., (1961) found 
that the ME value of meat meal was reduced when either the protein 
level of the basal ration or the percentage inclusion of meat meal in 
the ration was increased. The difference in the comparative results 
obtained for meat meal between these two groups of research workers 
is not known, but indicates that a generalization on factors influenc- 


ing DE and ME cannot be made. 


Methods of determination of digestible and metabolizable energy for 
pigs: 

The determination of DE and ME values for individual ingredients 
in pig diets have been carried out in numerous centers: Bayley and 
Cho (1969); Bayley and Lewis (1965a); Bayley and Lewis (1965b); Diggs 
et al., (1965); Nehring et al., (1963) to name a few researchers. 
However the method of determination has varied greatly between centers, 


One procedure demonstrated by Bayley and Lewis (1965a), consisted 
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of feeding a basal ration containing a semi-purified material of 
predetermined DE and ME value and a test ration, similar to the basal 
ration but with the test material substituting for a portion of the 
basal ration. The DE and ME contents of the two rations were then 
determined and the energy content of the test ration calculated. 

A second procedure demonstrated by Diggs et al., (1965) involved 
the feeding of the same basal ration to all pigs on experiment. This 
basal ration was formulated to provide adequate amounts of all nutri- 
ents except energy. The test material was then added to the basal 
ration, thus obtaining values for DE and ME by difference between the 
test ration and the basal ration. 

A third procedure demonstrated by Bayley and Cho (1969) involved 
the feeding of a basal practical type ration, and a test ration 
obtained by substituting part of the basal ration with the material 
to be analyzed. The DE and ME contents of the two rations were then 
calculated. 

Similar procedures have been used to determine the ME. of feed= 
stuffs for the chick; the semi-~purified method as described by Hill 
and Anderson (1958) and Potter and Matterson (1960); and the differ- 


ence method as described by Nehring et al., (1963). The substitution 


ily) 


method has been used extensively by workers including Rao and Clandinin 


(1970) and Sibbald and Slinger (1963a). 
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Introduction: 


A preliminary study, experiment 441A, using a modification of the 
method used by Diggs et al., (1965) was designed to obtain values for 
DE, ME and ME for a sample of RM for growing pigs at two weight 
periods, 15 and 32 kg liveweight. This experiment was designed mainly 
to determine if 25% of the total feed could consist of RM, as variable 
results regarding palatability of RM have been reported by Bowland 


(1957) and Morrison (1956b). 
Materials and Methods: 


Twelve female pigs of Yorkshire x Lacombe breeding were involved. 
Four pigs were fed the basal diet, 4 pigs were fed the SM supplemented 
diet and 4 pigs were fed the RM supplemented diet. At 15 kg live- 
weight, the basal diet (Table 3) was fed to the appropriate experi- 
mental pigs at a level of 450 g/day. The basal diet was based on SM 
and wheat and thus differed from that used by Diggs et al., (1965) 
which was based on SM and corn. The two test ingredients (RM and SM) 
were added to the basal diet at a level representing 25% of the total 
feed intake by weight. ree pigs fed the RM test ration consumed 
450 g basal diet and 150 g RM per day. It was found that at 15 kg 
liveweight all the basal ration or rations with RM or SM added were 
consumed by the pig. No problems as to palatability or rejection of 
RM by the pig were observed. 

At the 32 kg liveweight period, it was found that the RM pigs 


consumed 1200 g/day of the diet, which was made up of 900 g basal 
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Table 3: Composition of the basal diet fed in energy studies 
with pigs. 


SD 
{ 


Ingredient Composition % 
Soybean meal (50%) 67.35 
Wheat 23.00 
Stabilized tallow Shyeie) 
DL-methionine Ofo0 
Dicalcium phosphate Sele) 
Ground limestone 1.00 
Iodized salt 0.40 
Zinc sulfate 1 0.05 
Trace mineral mix 0.25 
Vitamin B-complex mix 0.35 
Vitamins A, D & E3 + 
Terramycin supplement 0.10 
uf 


The mineral mix supplied the following per 100 kg diet: cobalt 
carbonate, 5/0 mg; copper sulfate, 6.12 g; ethylene diamine 
dihydroiodide, 320 mg; ferrous carbonate, 58.7 g; manganous 
oxide, 11.9 g; zinc oxide, 740 mg; ground limestone, 171.6 g. 


z The vitamin B-complex mix supplied the following per 100 kg 
diets, sribotdaving) 1.1.95) caleium pantothenate, 2.2503 sniacin, 
4.95 g; choline chloride, 5.35 g; folic acid, 34.0 mg; vitamin 
Bios 2.2,M2, 

: Vitamin A was fed at’ 500,000 1T.U.3 vitamin Dy at''50, 000 "5.0%. and 
vitamin E at 500 I.U. per 100 kg diet. 

4 


Terramycin supplement supplied 2.2 g of antibiotic per 100 kg of 
diet. 


19 


*(iae -Gqte 


ae ee ee an 


thedes sav8& gf OOl aumyahiwollo) aid beta yque xia as indi ‘ 
« 8 LSID Sra ote og & grr ering Sd =$a/ 4 a 7 
ayenpgaen ig He Pere Reh yar OE thn: han be 
~H G.08f ,sanaesail Siwety wir DAT pie qoute <g €: 20 eis 


ae a Ait ic- tap xh eb Teen nbwegty one x) 
pos tg ee > ae. bal cee plrodss. -r78Eis 
pF ay BE OE inh Voids omliéan ag CMO 


amas, h.. egy. = 


= 
aad +Ust BOO,08 da i eri ‘yap dtm OOF: 2m, ho. cmw 4 <= & 
. ‘tak - bor gay 2.7 We ae ae iv 


. * ' eo bd 


Py y we =, atentgtone dpig ae% te btqqen ton aykeqon movant A 


5 is . ™~ are - oo ’ 
_ ; = - ] 
Too. 7 i, ) 


20 


ration and 300 g RM. Higher levels were offered to the RM group; 
however these higher amounts were not entirely consumed each day. The 
amount of 1200 g/day was considered to be the optimum daily amount 

that the experimental pigs would consume. No problems were encountered 
at either weight by feeding pigs from the SM group the same levels of 
basal and SM as were fed to the RM group. 

The RM was of B. campestris type and purchased locally. The SM 
was a 50% crude protein commercially available meal purchased locally. 
Six metabolism cages, described by Castell and Bowland (1968) 
were available, so that each metabolism trial contained two pigs from 
each diet. The same pigs were used for metabolism studies at the two 

weights (15 and 32 kg liveweight). 

seven days after receiving the basal diet or the basal diet plus 
the respective test ingredient, pigs were placed in metabolism cages. 
Collection of feces and urine commenced at 8 A.M. on the 10th day with 
collection for a 72-hour period. Water was available at all times. 

Feces were collected daily and stored in a refrigerator at 
approximately 0°C deeieris end of the collection period, when an 
aliquot of the combined fecal colrecuron — dried inewa .Orced—ais 
oven at 60°C for 72 hours. After drying the samples were allowed to 
equilibrate with air moisture, weighed and ground through a 40-mesh 
screen in a Wiley mill. Urine was filtered through glass wool into 
collection vessels containing 25 ml of concentrated H,S0,- Total urine 
production was measured and an aliquot was taken for analytical 
determination. 

Combustible energy was measured for feed, feces and urine using 


a Parr adiabatic oxygen bomb calorimeter. Nitrogen determination was 
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carried out on feed, feces and urine using the Kjeldahl method (AOAC, 
1965) with protein being calculated from N x 6.25. Diggs et al., 
(1959) determined that the caloric value of urinary nitrogen for the 
pig was 6.77 kcal/g, and this value was used to adjust urinary energy 
to nitrogen equilibriun. 

Data were analyzed statistically using an analysis of variance 


program available from The University of Alberta Computing Center. 
Results and Discussion: 


One sample of RM was used in this preliminary study. No evidence 
of lack of acceptability was encountered when RM was fed to growing 
pigs at two weight ranges, 15 and 32 kg liveweight, and when RM made 
up 25% of the total diet. Metabolism determination proved successful 
using a modification of the method proposed by Diggs et al., (1965). 
The study indicated that growing pigs in metabolism cages would readily 
consume diets containing up to 25% RM. 

Energy values are reported for RM, SM and the basal diet in Table 
4 for the combined weight; however limited significance should be 
attached to the actual values, as this was a preliminary study. The 
average DE values were 3.94 kcal/g for RM and 4.31 kcal/g for SM. The 
average ME values were 3.62 kcal/g for RM and 4.18 kcal/g for SM. 
Greater differences between RM and SM were obtained for the ME values, 
which were in kcal/g, 3.33 for RM and 4.08 for SM. The values for the 
basal diet are included for comparative purposes. 

The four RM fed pigs were continued on trial to 65 kg. At this 
weight it was found that the maximum amount that all pigs would con- 


sume was 1500 g/day of total feed, of which 25% or 3/75 g was RM. 
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Table 4: Means for gross energy, digestible energy and metabolizable 
energy (kcal/g dry matter) for rapeseed meal, soybean meal 
and the basal ration for two combined weights (15 and 32 kg) 
of pigs fed a basal ration or a basal ration with rapeseed 
meal or soybean meal. 

Metabolizable Energy 
No. of Gross Digestible Unadjusted Adjusted 

Diet pigs energy(GE) energy(DE)1 (ME) (ME) 

Rapeseed meal 4 4.92 3.94 Silay 3533 

Soybean meal 4 4,70 A. 31 Ne Als: 4.08 

Basal diet 4 4,49 4.07 SyGV Ks) SOLO 


Analysis of variance indicated that rapeseed meal had a lower DE 


than SM (P<0.05). 
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Therefore 600, 1200 and 1500 g/day of feed for 15, 32 and 65 kg 
weight pigs respectively, were selected as the amounts to be fed to 


each pig in further studies. 
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Introduction: 


Most of the values for digestible energy (DE) and metabolizable 
energy (ME) in feedstuffs for pigs have been mathematically derived 
by converting Total Digestible Nutrient values to DE values and con- 
verting DE to ME by regression equations (NAS-NRC, 1969). Published 
information on the DE and ME from rapeseed meal (RM) Lore pigs 13S not 
available, Feed formulators have frequently been using ME values 
derived with the chick and applying these values EO pig feeds. ihere 
is evidence that for high protein feeds, values for DE or ME for the 
Dieearesapove: those, tor ihe chick (Dieses ctrall... 1965). 

The present study was conducted to determine the DE, ME, ME 


corrected to nitrogen equilibrium (ME) and digestible nitrogen (DN) 
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from RM of different types and processed by different methods. Soybean 


meal (SM) containing 50% protein was used as a positive control through- 


out the experiments. 
Materials and Methods: 


Ten samples of RM (Table 5) of either Brassica campestris of B. 
napus type and commercially processed by solvent, prepress-solvent or 
expeller processes were evaluated for DE, ME, ME. and DN by a modifi- 


cation of the method of Diggs et al., (1965). An eleventh sample of 


f The material in Part 2 of this thesis has been accepted rox publi- 
cation in the August 1971 issue of the Canadian Journal of Animal 


SC Lences 
Saben, H.S., J.P. Bowland and R.T. Hardin. 19/1. Digestible and 


metabolizable energy values for rapeseed meals and for soybean meal 
fed to growing pigs. 51: (in press). 
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RM from zero-erucic acid seed of fhapus type and a twelfth sample from 
Bronowski (low glucosinolate) napus type seed were also evaluated. 
These RM samples were those that were supplied to the various co-opera- 
tors under a Rapeseed Utilization Assistance Program and were crushed 
during July to October, 1968 but were from seed produced during 1967 
and 1968. 

A basal diet (Table 3) was fed to experimental pigs at a level of 
450 g/day at 16 kg, 900 g/day at 33 kg and 1125 g/day at 65 kg live- 
weight. This basal diet was based on SM and wheat and therefore differ- 
ed from that used by Diggs et al., (1965) which was based on SM and 
oe The test ingredients (RM or SM) were added to the basal diet at 
a level representing 25% of the total feed intake by weight. Therefore 
pigs fed the test ingredients consumed 600 g, 1200 and 1500 g/day at 
16, 33 and 65 kg liveweight respectively. Seven days after receiving 
the basal diet or the basal diet plus the test ingredient, pigs were 
placed in metabolism cages as described by Castell and Bowland (1968). 
Collection of feces and urine commenced at 8 A.M. on the 10th day with 
collection for a 72-hour period. Water was available at all times. 

A total of 64 barrows of Yorkshire x Lacombe breeding were involv- 
ed in the study, 4 pigs were fed each of the RM diets and 8 pigs fed 
each of the basal diet and the SM diet. Eight metabolism cages were 
available so that each metabolism trial contained one pig fed the basal 
diet, one pig fed the SM diet and 6 pigs fed six different RM diets. 
Therefore SM served as a positive control in each metabolism trial. 

The same pigs were used for metabolism studies at three different 
weights (16, 33 and 65 kg). Two replications totalling 32 pigs were 


on experiment between June and September 1969 and a further two 
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Table 5: Rapeseed meal samples identified by manufacturing process 


and seed types. 


ec ee essences 


Rapeseed meal Manufacturing Seed 
Sample No. process type 
is Solvent B. campestris 
3 Solvent B. campestris 
4 Prepress-solvent B. campestris 
5 Prepress-solvent B. campestris 
6 Prepress-solvent B. napus 
7 Expeller B. campestris 
8 Prepress-solvent B. campestris 
9 Expeller B. campestris 
10 Prepress-solvent B. bampeatt it 
ifab Prepress-solvent B. napus 
2 Solvent Zero-erucic acid (B. 
napus ) 
2 Solvent Bronowski (B. napus) 
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Samples 1 to 11, excluding 2 were produced from commercial seed. 
Samples 2 and 12 were produced from seed not available at that 


time for commercial use. 
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replications totalling 32 pigs between December 1969 and March 1970. 

Feces were collected daily and stored in a refrigerator at 
approximately O0°C until the end of the collection period, when an 
aliquot of the combined fecal collection was dried in a forced air 
oven at 60°C for 72 hours. After drying the samples were allowed to 
equilibrate with air moisture, weighed and ground through a 40-mesh 
screen in a Wiley mill. Urine was filtered through glass wool into 
collection vessels containing 25 ml of concentrated HSO)- Total 
urine production was measured and an aliquot was taken for analytical 
determinations. 

Combustible energy was measured for feed, feces and urine using 
a Parr adiabatic oxygen bomb calorimeter. Nitrogen determinations 
were carried out on feed, feces and urine using the Kjeldahl method 
with protein being calculated from N x 6.25. Diggs et al., (1959) 
determined that the calorific value of the urinary nitrogen for the 
pig was 6.77 kcal/g, and this value was used to adjust urinary energy 
to nitrogen equilibrium. 

Data were analyzed statistically using an analysis of variance 
program available from The University of Alberta Computing Center. 
Preliminary statistical analyses indicated no differences in the values 
of DE, ME, ME. and DN derived using the overall means for the basal 
diet compared with the values obtained using the individual means for 
the basal diet applicable to each specific metabolism trial. As an 
overall mean may be considered to be a more reliable estimate, the 
overall basal diet means were used in deriving the energy and nitrogen 


values reported. Means were compared using Duncan's multiple range 


test (Steel and Torrie, 1960). 
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Data were missing for one pig fed rapeseed meal number 5 at 33 kg 
liveweight. These missing data were replaced by the average value of 
this group, with error degrees of freedom being reduced by one for each 
missing value. A probability of 0.05 was selected as the point of 


significance for data, 
Results and Discussion: 


Of the 12 RM samples used in this study, 2 meals were produced 
from rapeseed that was not in commercial production. Therefore, these 
two meals have been excluded from the overall mean values (Table 6). 
The Bronowski meal number 12 was a different type meal containing low 
glucosinolate levels, while the meal number 2 from zero-erucic acid 
seed seemed to be typical in composition to other napus meals. The DE, 
ME, MEY and DN values for 10 meals indicated no significant differences 
between meals. Means with their standard errors for the 10 meals 
expressed in kcal/g dry matter were 4.74 + 0.12 for GE, 3.21 + 0.18 
COmsD Ey e2 709+ tO, LO Stor Miband eZ .048 te, LO ton ME: Average values 
for DE, ME and ME. for Bronowski meal and for zero-erucic acid meal 
were not significantly different from the average of the other meals. 
Soybean meal contained 4.81 + 0.08, 4.21 + 0.16,.3.92 + 0.17 
and 3.64 + 0.16 kcal/g dry matter for GE, DE, ME and ME» the latter 
three values being significantly higher than those obtained for RM. 
The coefficient for DN averaged 75.9 + 2.9% for RM and 89.2 + 1.9% for 
SM. 

Diggs and coworkers reported DE, ME and ME for a wide range of 
feedstuffs for the young, 15.4 kg, pig, but RM was not included in 


their study. For SM containing 50% protein they obtained values in 
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keal/g dry matter of 4.39 for DE, 3.88 for ME and 3.72 for ME | 

The ten RM samples had unadjusted ME and ME values of 90 and 822 
of the DE respectively, while the SM had ME and ME. values that were 
93 and 86% of DE. These values for SM compare with 88 and 85% obtained 
by Diggs et al., (1965). The standard errors for DE and for ME were 
similar suggesting that there is little difference in accuracy between 
these two energy measures for pig diets. 

The values obtained for the basal diet are given in Table 3 for 
reference purposes. The observed energy values of the basal diet were 
a On weOeOL0. 3. 99es-. 0.03, 3.70 490.04 Vand) 3.632400, 040 kcal os torsGE. Dr. 
ME and ME while the calculated values derived from NAS-NRC (1969) were 
PNOOv Las wc) andes soo Keal/s respectively. 

The values for GE, DE, ME, ME. and the coefficients for DN at the 
three experimental weights of 16, 33 and 65 kg have been grouped by 
manufacturing process and seed type (Table 7). Average values are 
based on 11 samples (excluding only the Bronowski meal), because of the 
similarity of the zero-erucic acid meal to the average of the other 
meals. There were no significant differences in the values for DE, ME 
and ME in the BM esampless tOreloy g5 40G 05 Kg epics, B However. = Lucire 
was a trend toward a decrease in these values between 16 and 33 kg live- 
weight. The SM decreased in DE, ME and ME as weight increased with 
differences being significant for DE and ME between 33 and 65 kg live- 
weight. The coefficients for DN in RM and SM were similar throughout. 
The basal diet showed no trend toward a change in DE, ME, ME, or DN 
throughout the three weight ranges. As indicated by the low standard 


errors (Tables 6 and 7), the basal diet gave very uniform results 


throughout the trials. 
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A statistical comparison was made between processing methods and 
seed types for the eleven RM samples and no significant differences 
were observed. 

The eleven RM meals used in the present study varied in oxazoli- 
dinethione levels from 1.82 to 10.37 mg/g, while the Bronowski meal 
contained essentially no ancora Ree One (0.25 mg/g). As the meals 
didnot ditter significantly in DH.=MB, ME. or DN, the data suggest 
that the available energy and the N digestibility of RM are not mark- 
edly influenced by glucosinolate levels. The crude fiber levels of all 
12 meals ranged from 13.7 to 16.0% with Bronowski meal containing 14.3% 
crude fiber. Thus it appears that the energy levels of Bronowski meal, 
which had the lowest DE and ME of all the meals, although not signifi- 
cantly lower than the other meals, was not directly associated with 
the crude fiber level of the meal. 

Lodhi et al., (1969) studied nine samples of RM and reported that 
that average ME was 1,203, 1,313 and 1,782 kcal/kg, respectively, for 
4 week old chicks, 6 week old chicks and hens fed diets containing 302 
RM for at least 21 days. A comparison of the ME values a RM observed 
in this trial with those reported by Lodhi et al., (1969) show that 
the values for the pig are substantially higher than the values for the 
chick. It is evident that the ME values for RM obtained with chicks 
should not be used in feed formulation for the pig. The DE and ME 


values of feeds, especially high protein feedstuffs, should be consid- 


ered as being species specific. 


Summary: 


Twelve samples of rapeseed meal (RM) and one sample of soybean 


R i 


evant ey sans Ing 


ila a ae 


; rw, i“ 


' 
sm alent Ue fs yupin 9 


-tlosste fu holdor yhwin ane yay ony 
s 

‘tem Ikewoaerd odz-siitaw ,aior ay a GR. 1 Torevi ofsvst kts 78 4 

: 7 


tdusw S79 aA . (orien GS.0) ones kus baan ig Vii etergeve wah 9. 
e ke 


Wi we au 4 At wh Ybogaodtingip ial ile sor bth 


g - : 3 
sian Tow San RA Yo eaciinlaesgsh 6 suit ign ggwmias wins enya aa® ahd 
. 7 


bal omy od iota? 4fuib ait ,otaval jsisuinass; iq, 3250 a r) 


wipe l eve ie Giswoorwndt doiv FG.d1 co Saf 131, bagner + oley ot 
iis 


aa ; - 


a 
ett : tdewtactt- io alvvel cD at 11? JNLT? SPUSSce . sunt ‘ dt) stereo 
> a 
mela cen siguAdsip alos ea tin 40 4! c 4 ‘vswal sity be won 
j be isebsotek Fitan3bh Tan @uwW, , Biaan walle’ ry «ewe ele rs 
' iy i > Tey i} =o ues ree 
_ 
] ivy + Wy. hs jtis = Dn HG Padé fc rt: gedit } 
4 5 é ‘xe a NEN, trv Cie gd iF Si) 1h? Sug 
May Uline enon ayekt tet artei ny eyeglda iit, yoeu 0 (arane on 
bovweies 1) 26 sandav 2M ads do. cuel legos A qvub (S Sere!) 36 
unde (OT Ye ae Ube 4d bet iiges avons jake Late 
$ : ; 
vi r Ley sis igaikd teitgl:l x bles fiovis Fim. BI et? val a gone cz 
etthi> dtiv tgnleudo WS “ ean ch ay aig iti ineteny. 
ia 


my ha 0 aril “ay ait 08), ROI Lanen haa) Ql ai 


abrayay 4 ine * 


7 .: 5 a: wre an 


bance an two otuitiins om eh 


33 


meal (50% protein) (SM) were evaluated for digestible enerey (DE), 
metabolizable energy (ME), nitrogen-corrected ME (ME) and digestible 
nitrogen (DN). RM samples were of Brassica campestris and B. napus 
origin and contained meals processed by solvent, prepress-solvent or 
expeller processes. Two of the meals were from rapeseeds not in 
commercial production, dna 2 Bronowski (low glucosinolate) napus meal 
and one a meal from zero-erucic acid rapeseed of napus type. Energy 
studies were conducted with 64 pigs at 16, 33 and 65 kg liveweight, 
adding 25% by weight of the test ingredient to the total diet. 

The overall means and standard errors for all weight groups for 
Gross Energy (GE), DE, ME and ME. in kcal/g of dry matter, for 10 RM 
(excluding Bronowski and zero-erucic acid RM) were 4.74 + 0.12, 
21+ 0,18, 2.89 + 0519 and 2264/4: 0-19 respectively, while the) vatues 
Obtained tor sM were 4,.81)4+50.08, 94.219 402165 3.925) 0.1 /eandss 0484 
0.16. There were no significant differences in DE, ME or ME, among 
the 12 RM samples, or between weight periods. The values for the 
basal diet were uniform throughout. The overall mean coefficient for 
DN was 75.9 for RM and 89.2% for SM. The DE, ME and ME | vaties for 


RM should be considered as being species specific. 
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Pant = 


Introduction: 


Most of the values for DE and ME in feedstuffs for pigs have 
been mathematically derived by converting Total Digestible Nutrient 
values to DE values and converting DE to ME by regression equations 
(NAS-NRC, 1969). Soybean meal has been the most extensively studied 
of the various protein supplements commonly used in pig diets. 
Although the use of rapeseed meal (RM) in Canadian pig rations has 
been increasing there are few experimentally determined values on the 
digestible energy (DE), metabolizable energy (ME), nitrogen-corrected 
ME (ME) or digestible. nitrosen (DN) for RM.  Saben et ale) (1971) 
have recently reported DE, ME, ME. and DN values for 12 samples of RM. 

Rao and Clandinin (1970) determined the ME value of RM for 
they chick using. two,methods, the dilution with 8M of a practical 
type ration, described by Sibbald and Slinger (19638) sand the 
substitution of RM for a portion of the glucose in a semi-purified 
ration, described by Hill and Anderson (1958). Using the Sibbald 
and Slinger method they obtained a significantly higher ME value for 
RM, 1654 kcal/kg of dry matter, than was obtained by using the Hill 
and Anderson method, 1245 kcal/kg of dry matter. Average ME values, 
based on fecal collections taken at 14, 28 and 42 days of age 
showed an increase in ME as the age at which collections were taken 


increased. This is in agreement with the observation of 


i The material in Part 3 of this thesis has been accepted for publi- 
cation in the August 1971 issue of the Canadian Journal of Animal 
Science: 

Saben, H.S., J.P. Bowland and R.T. Hardin. 1971. Effect of method 
of determination on digestible energy and nitrogen and on metaboliz- 
able energy values of rapeseed meal and soybean meals fed to grow- 
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Lodhi et al., (1969), that the ME. value of RM was higher for 6 week 
old chickens than for 4 week old chickens. 

The objective of the present study was to determine the DE, ME, 
ME. and DN values for the pig of a commercial solvent-extracted 
Brassica campestris RM and of two SM samples using two methods: (1) A 
modification of the method of Diggs et al., (1965) and (2) A modifica- 
tion of that of Sibbald and Slinger (1963a). These will be referred to 
as an ‘addition' method and 'substitution' method respectively. The 
effect of conducting the determinations for DE, ME, ME, and DN follow- 
ing feeding the meal for different periods during which time pigs were 


kept in the metabolism cages was also studied. 
Materials and Methods: 


Thirty two castrate male pigs of Lacombe x Yorkshire breeding, 
weighing an average of 18.0 kg liveweight were allotted to the experi- 
ment. In the 'addition' method (A) a basal diet (Table 8) was fed to 
each of 16 pigs at a level of 450 g/day for 21 days. This basal diet 
was based on soybean meal (SM) and wheat and thus ai eeredgeran that 
used by Diggs et al., (1965) which was based on SM and corn. The 4 
treatments were basal, RM, SM (44% protein) and SM (50% protein). The 
three test ingredients were added to the basal diet at a level repre- 
senting 25% of the total feed intake by weight. Thus pigs fed the 
test ingredients consumed 600 g/day of feed, 450 g of basal feed and 
150 g of their respective test ingredient. 

In the 'substitution' method (S) a basal diet (Table 8) was fed 
to a second group of 16 pigs FOLre2iecdayS.ee his sbacalsdietedi1.eredein 


several ingredients from that used by Sibbald and Slinger (1963a). The 


Table 8: Formulation and composition of basal diets fed in energy 
studies with pigs. 


eee ere en SN oe ee Oe ee a es ee 
Basal Diet 
Ingredient at 32 


Wheat 23.00 35.00 
Soybean meal (502%) 67.35 TOG 
Stabilized tallow S50 5.00 
Corn 24530 
Barley Ow) 
Alfalfa meal 4.00 
Fish meal (722) 5.00 
Dicalcium phosphate Sy) 0.50 
Ground limestone 1.00 1.00 
Iodized salt 0.40 0.40 
ZincasuLrate 0.05 0.05 
Trace mineral mix WietAS) 0.25 
Vitamin B-complex mix 0.35 (UE aie) 
Vitamins A, D & ED + + 
Terramycin supplement 0.10 0.10 
DL-methionine 0.50 

COMPOSITION 

Gross energy kcal/g (analysis) ane Le) 
Crude protein % (calculated) 367 1720 
Crude protein % (analysis) She) ARS THEO) 
Lysine % (calculated) 220 0.8 
Methionine + Cystine & (calculated) i lyn} 0.6 


Diet, modified from Diggs et al., (1965). Air-dry basis. 
Diet, modified from Sibbald and Slinger, (1963a). Air-dry basis. 


The mineral mix supplied the following per 100 kg diet: cobalt 
carbonate, 5/70 mg; copper sulfate, 6.12 g; ethylene diamine 
dihydroiodide, 320 mg; ferrous carbonate, 58./ g; manganese oxide, 
11.9 g; zinc oxide, 740 mg; ground limestone, 171.6 g. 


The vitamin B-complex mix supplied the following per 100 kg diet: 
Elbotlavinygel.l ¢; calcium pantothenate, 2.2 2; niacin, 4.9572; 
choline chloride, 5.35 g; folic acid, 34.0 mg; vitamin Bio» Pheei sii ae 
Vitamin A was fed at 500,000 I.U., vitamin D, aty.502000 1.0. aand 
vitamin E at 500 I.U. per 100 kg diet. 


Terramycin supplement supplied 2.2 g of antibiotic per 100 kg of 
diet. 
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4 basal pigs received 900 g of feed/day. The treatment pigs received 
60% by weight of the basal diet plus 40% of the respective test 
ingredient. For example, pigs fed RM received 540 g/day of the basal 
diet plus 360 g/day of RM. 

Eight metabolism cages were available so that each metabolism 
trial contained 4 pigs from each method (Table 9). Nine days after 
receiving the basal diet or the basal diet and their respective test 
ingredient, pigs were placed in metabolism cages as described by 
Castell and Bowland (1968). Water was available at all times. 

Feces and urine were collected on the 12th, 13th and 14th days 
and again on the 19th, 20th and 21st days, for a total of two 72-hour 
collection periods. After the first collection period, the pigs were 
taken out of the cages and weighed. The cages were cleaned and the 
pigs were returned to the cages that same day. 

Feces were collected daily and stored in a refrigerator at 
approximately O°C until the end of the collection period, when an ali- 
quot of the combined fecal collection was dried in a forced air oven 
at 60°C for 72 hours. After drying the samples were alowed to 
equilibrate with air moisture, weighed and ground through a 40-mesh 
screen in a Wiley mill. Urine was filtered through glass wool into 
collection vessels containing 25 ml of concentrated H,SO,. Total 
urine production was measured and an aliquot was taken for analytical 
determinations. 

Combustible energy was measured for feed, feces and urine using a 
Parr adiabatic oxygen bomb calorimeter. Nitrogen determinations were 
carried out on feed, feces and urine using the Kjeldahl method with 


protein being calculated from N x 6.25. Diggs et al., (1965) determined 
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Table 9: Allotment of pigs for metabolism Seed 


METHOD A: 


Addition method 


METHOD S: 


Substitution method 


‘ Trial was replicated 4 times. 


Basal 

Basal plus RM 

Basal plus SM (44% protein) 
Basal plus SM (50% protein) 


Basal 

Basal diluted by RM 

Basal diluted by SM (44% protein) 
Basal diluted by SM (50% protein) 
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that the caloric value of the urinary nitrogen for the pig was 6.77 
keal/g, and this value was used to adjust urinary energy to nitrogen 
equilibrium. 

Data were analyzed statistically using an analysis of variance 
program available from The University of Alberta Computing Center. 
Means were compared using Duncan's multiple range test (Steel and 
Torrie, 1960). A probability of 0.05 was selected as the point of 


significance between means. 
Results and Discussion: 


The overall means for gross energy (GE), DE, ME and ME in keal/g 
dry matter and ZDN (Table 10) for RM, SM (44% protein) and SM (507 
DLOLEIO )PWere 4, G/e, Seo) ye elo, 247 OPanGE 9 N25 4560 .et 5) ed Ome 2 
and 92.6; and 4.76, 4.48, 4.26, 3./0 and 93.1 respectively. GE values 
for RM and SM (44% protein) were higher than that for SM (50% protein), 
which would be indicative of the higher oil content expected in the 
former meals. RM was significantly lower than either of the two SM 
samples in DE, ME, ME and DN. The values for SM (50% protein) were 
similar to the values obtained by Diggs et al., (1965) for DE and ME 
however the value for ME is somewhat higher, 4.26 kcal/g dry matter in 
the present study while Diggs et al. reported a value of 3.88 kceal/g 
dry matter. The DE for RM of 3.37 kcal/g and ME of 2.76 kcal/s dry 
matter are in close agreement with that reported in a previous paper 
(Saben et al., 197la) where the average DE for 12 samples of RM was 
observed to be 3.21 kcal/g and ME to be 2.64 keal/e dry matter, For 
RM, the unadjusted ME and the ME, averaged 92.5 and 81.9% of the DE 


respectively, while the SM samples averaged 95.2 and 83.8% of the DE 
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respectively. The standard errors for DE, ME and ME are similar sug- 

gesting that there is little difference in accuracy between these three 
energy measurements. The average values obtained for both basal diets 

are included in Table 10 for reference purposes. 

There were no significant differences (Table 11) between the means 
for GE, DE, ME and ME and DN for the ‘addition' and 'substitution' 
methods or for the two periods of collection. Period 1 refers to val- 
ues obtained fom the 12th, 13th and 14th) days on trialpand period 2, ithe 
values obtained for the 19th, 20th and 21st days on trial. Observed 
values for GE, DE, ME and ME in kcal/g dry matter for the ‘addition' 
methodewere 4. // 7+ 0206, 4.07 +.0.145 3.90 470017 and 3542-7 0.16 
respectively, while the values for the 'substitution' method were 
4.80 + 0.08, 4.02 + 0.14, 3.76 + 0.14 and 3.49 + 0.14 respectively. 
Overall averages for period 1 in kcal/g dry matter for GE, DE, ME, ME. 
and fon. DNewene 4./00+ 0°07, 24.11 e015, 3500 400. 1/68 32 OL er 0216 
and 60.0 +1295 respectively while values foreperiod 2 fore the same 
measurements were 4.80 + 0.06, 3.98 + 0.16, 3.78 + 0.16, 3.40 + 0.16 
and 87.4 + 2.46 respectively. Using the Student-t test (Steel and 
Torrie, 1960) there was a significant difference between the two 
methods for the ZDN in the basal diets. The protein intake of pigs 
fed the two basal diets was similar on a g/day basis (176 g for the 
"addition' vs 162 g for the ‘substitution’ method). The difference 
could be associated with a greater feed intake by the pigs on the 
‘substitution’ method, or with the wider calorie to protein ratio of 
the basal diet in this method. 

No differences were observed between the two periods of collection, 


one week apart. This observation suggests that the possible stress of 
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keeping pigs of this age in metabolism cages over a 2-week period has 
no observable influence on the results obtained. Lodhi et al., (1969) 
and Rao and Clandinin (1970) using chickens observed an increase in ME 
values as the chicks grew older. However, in both instances the time 
between the initial and final collection periods was greater and the 
age spread of the chickens was greater than used in this experiment. 
The present study was not designed to compare energy values for pigs 
differing markedly in age. However, Saben et al., (197la) observed 
no significant difference between DE, ME or ME fOr (igs sateloo os) and 
65 kg liveweight. 

The data show that the values for DE, ME, ME. and DN were similar 
for the two methods of determination, and that either method could be 


used satisfactorily. 


Summary : 


Commercial samples of solvent-extracted rapeseed meal (RM), 447 
crude protein soybean meal (SM) and 50% crude protein SM were evaluated 
for digestible energy (DE), metabolizable energy (ME), nitrogen-correct- 
ed ME (ME) and digestible nitrogen (DN), using two methods of evalua- 
tion. A comparison of results from feeding the test meals for two 
different lengths of time prior to conducting the determinations was 
also made. Sixteen male castrate pigs were allotted to each of the two 
evaluation methods, with 4 pigs assigned to each of 3 treatment groups, 
and 4 pigs assigned to the basal control group for each method. 

The two SM samples had higher DE, ME, ME and DN than the RM 
sample. The DE, ME and ME, values in kcal/g dry matter for RM were 


Ba eo oeandeee sO while for SM they were 4.42, 4.21 and 3.71 
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respectively. The overall mean coefficient for DN was 79.2 for RM and 
92.8% for SM. There were no significant differences observed between 
methods or between the two time periods. The values for the basal 


diets were uniform throughout the trial, as indicated by low standard 


CELOES. 
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part 4 


Introductions: 


Several reports (Blem, 1968; Manoukas et al., 1964; Shannon and 
Brown, 1969) of studies with avian species have observed nitrogen (N) 
and energy losses when excreta were dried prior to N and energy deter- 
mination, Bratzler and Swift (1959) reported N loss from cow feces 
dried for 22 hr at 65°C in a forced-air oven. To the authors’ know- 
ledge, there are no similar reports on feces from the pig. 

Studies were undertaken to evaluate some techniques used in swine 
digestibility studies: (1) Comparison of N content as determined on 
wet or dry feces from pigs fed either high or low protein diets, (2) 
Comparison of energy content as determined on wet and dry feces, and 
(3) Effect of length of digestion time, using the Kjeldahl method, on 


the determined N content of fecal material. 
Materials and Methods: 


A diet containing 39% crude protein was fed to 64 castrate male 
pigs (Saben et al., 197la). Metabolism studies were conducted for 
3-day periods at 16, 33 and 65 kg liveweight. The 192 samples of feces 
obtained in this study were separated into two portions. One portion 
was analyzed for N on the same day that each metabolism study was 
terminated, using the Kjeldahl method (AOAC, 1965) utilizing a 
The material in Part 4 of this thesis has  =been submitted Zor pub= 
lication in the Canadian Journal of Animal Science: 

Saben, H.S. and J.P. Bowland. 1971. Comparative evaluation of some 


techniques used in determinations of nitrogen and energy content 
of feces from pigs. (Submitted for publication). 
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commercial 'Kel-Pak' catalyst, with boric acid being used to retain the 
ammonia. A sample of approximately 2 g was used. 

The other portion of wet fecal material was dried in a forced-air 
oven at 60°C for 72 hours. After drying the samples were allowed to 
equilibrate with air moisture, weighed and ground through a 40-mesh 
screen in a Wiley mill. N determinations were then conducted using the 
Same method as described above. A sample of approximately 1 g was used. 
Duplicate N determinations were made on each wet and dry sample. 

A diet containing 18% crude protein and analyzing 4.2 kcal gross 
energy/g was fed to 14 castrate male pigs (Saben et al., 1971b). Meta- 
bolism studies were conducted for two 3-day periods at 18 kg live- 
weight. Samples of feces obtained in this ae were separated into 
two portions. One portion was used for wet and dry fecal N comparisons 
as described above. The other portion was split into two parts, one 
part from 16 samples was used for wet and dry fecal energy determina- 
ELons, using a Parr eadiabatic oxygen bombscalorimeter. sin conden co 
obtain complete combustion on the wet feces in the calorimeter, 1 g 
samples were wrapped in no. 1 Whitman filter paper; the energy of the 
filter paper was found to be approximately 3.83 kcal/g. This amount 
was subtracted from the total combustion figure. The dry fecal samples 
were combusted as outlined (Parr, 1960). Duplicate energy determina- 
tions were made on each wet and dry sample. 

The other 12 samples of fecal material were dried by the procedure 
described previously and analyzed for N following various lengths of 
digestion. All 12 samples were analyzed at 1 and 4 hours, while 6 
samples were analyzed at 2 hr and the other 6 samples at 3 hr. Mean 


values for N were calculated for each hour. The times refer to the 
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length of digestion after the contents of the Kjeldahl digestion flask 
had become clear. AOAC (1965) recommends that the digestion solution 
should boil briskly until the solution clears, and samples containing 
organic material should than boil for 2 hr after clearing. 

Figures 2 to 5 and the values presented in Table 12 were derived 
using IBM 360/67 computer programs available from The University o£ 


Alberta Computing Center. 
Results and Discussion: 


Analysis of variance indicated no significant difference between 
the mean values for N content determined from wet fecal material or 
drywdried at 60°C for 7/2 hr) fecalymateriaM@in diets containing either 
39% of 18% crude protein (Table 12). The determined N content of feces 
from 192 pigs fed the high crude protein diet is given in Figure 2. 
The linear regression Y = A(intercept) + B(slope) X was used to compare 
the grams of fecal N excreted over a 3-day metabolism period, obtained 
from the wet and dry fecal determinations. Y (wet fecal N/pig/3 days) = 
Agha; + 8B OF90RX (dry fecal N/pig/3 days). The determined N content 
Of feces from 26 pigs fed the practical type 182 crude protein diet 
isoeivem in Figure 3.. Y= 0.59 4+)°0.91(%).) the combined) linear 
resressions for pigs fed either the high or low protein diets is given 
in Table 12: Y =10.89 + 1.00(X). "Mthe highly sienifticant Student-t 
values (Table 12) indicate that the slopes are significantly different 
from zero for both the high protein and lower protein diets. As 

iz 


r = 0.83, 83% of the variation in wet feces is accounted for by the 


relationship between wet and dry feces. 


Based on the combined data, the mean N loss between wet and dry 
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Fecal nitrogen (g/pig/3 days) as determined on wet fecal 
material compared with dry (72 hr at 60°C) fecal material, 
when pigs were fed a high crude protein diet. 
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Fecal nitrogen (g/pig/3 days) as determined on wet fecal 
material compared with dry (72 hr at 60°C) fecal material, 
when pigs were fed a practical type diet. 


49 


35.00 


7 iy _ 
4 
_ = 
“\ 
a 
~ 
mt SF ees Che coy eee eee eens a on 
Pils wes a G Ae tf Ot 
Wi STAD EVOLINY JRoS4 . vA — oa 
D din 
(asa sum. tin. tiderirnts ae eal een ig ae tit ae 
~stivetam tne) Cia oe “ak EV ih deta. a ae is 


tee + ' 
AP be om, anys ihr rs lots oe © ee 


50 


determinations was 0.87 g/pig over the 3-day sampling period (Table 12), 
which represents a 3.7% N loss. This observation is in general agree- 
ment with Bratzler and Swift (1959) who reported that when cow feces 
were dried for 22 hr at 65°C in a forced—air oven, they obtained a N 
loss of 5.2%. Shannon and Brown (1969) observed a 4.6% N loss when 
poultry excreta were dried in a forced-air oven for 24 hr at 60°C. 
Shannon and Brown observed that N losses of excreta dried in a forced- 
air oven increased in a stepwise fashion from 4.6% to 10.6% as the 
drying temperature was increased from 60°C to 120°C. It should be 
recognized that avian excreta also contain urine in which N may differ 
in lability from that in mammalian feces. However, the results from 
the studies with the different species are similar. 

Feces from 16 pigs were analyzed for fecal energy in either the 
wet or dry (dried at 60°C for 72 hr) form (Figure 4). The data indi- 
cate (Table 12) that no significant differences were observed between 
the fecal energy excreted, when analyzed in either the wet or dry form. 
The regression for wet fecal energy compared ete dry fecal energy in 
keal/g (Table 12) gave the following values: Y = 0.74 + 1.00(X). The 
data indicate that a large percentage (96%) of the variation in wet 
feces is accounted for by the relationship between wet and dry feces. 
The highly significant Student-t value indicates that the slope is 
significantly different from zero. 

The mean energy loss (kcal/g) was 5.0% between the wet and dry 
material (Table 12). Shannon and Brown (1969) reported a mean energy 
loss of 5.5%, which is in agreement with our observations, when they 
dried poultry excreta in a forced-air oven for 24 hr at 60°C. However, 


the loss observed in our study is lower than that reported by 
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FIGURE 4: Fecal energy (kcal/g) as determined by bomb calorimetry 
on wet fecal material compared with dry (72 hr at 60°C) 
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Manoukas et al., (1964) who reported a mean loss in energy of 12.0% on 
a dry matter basis for poultry feces dried in a convection oven for 

24 hr at 65°C. In excreta voided by the Blue-winged Teal or the 

House Sparrow, Blem (1968) obtained no loss in energy, when wet excreta 
collected at 20°C were compared with excreta dried in a convection oven 
POLSSO nt -ar 105 

The difference between the duplicate sample determinations never 
exceeded 3% for N or 2% for energy, but N and energy determinations on 
wet fecal material gave consistently greater standard errors (Table 12) 
than those on dry fecal material. These results indicate slightly 
greater sampling error from wet feces compared with dry feces. 

The fecal N loss between the wet and dry material in our observa- 
tions, would explain only a small part of the total energy loss obtained 
on the same fecal samples. Loss of other volatile compounds, probably 
associated with fermentation, must occur. Considering that fecal 
energy in pigs is not likely to be more than 20% of the dietary energy 
value, then the error associated with the digestible energy value when 
feces are dried would be approximately 1 percent. This loss is relat- 
ively insignificant and is less than losses from methane production 
reported by Bowland et al., (1970) to average 1.1% of the energy in 
digestible energy. This latter loss is ignored in digestibility and 
metabolism trials with pigs. 

Fecal material from 12 pigs was analyzed for N over varying periods 
of time (Figure 5). The data indicate (Table 12) that no significant 
differences were observed between ZN obtained when pig fecal material 
was digested for 1, 2, 3 or 4 hours, after the contents of the Kjeldahl 


digestion flask first became clear. The N content, scaled to an index 
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Nitrogen content (scaled to a mean of 100%) of dry (72 hr 
at 60°C) fecal material obtained following Kjeldahl 
digestion for one, two, three or four hr after the contents 


of the flask became clear. 
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of 100 compared with the time in hours gave the following regression 
value: Y = 100.54 - 0.22(X). The AOAC (1965) recommendation that for 
samples containing organic material, a 2 hr digestion time after the 
solution clears is sufficient to obtain the N in the sample, therefore 
appears to be satisfactory. 

Although there are some N and energy losses from pig feces dried 
for 72 hr at 60°C, in standard digestibility studies these losses are 
not sufficiently large to justify the problems associated with attempt- 


ing to sample and analyze wet feces for N and energy. 


Summary: 


Statistical procedures were used to compare some techniques used 
in digestibility studies with pigs. No significant differences were 
observed in fecal nitrogen (N) content when measured in the wet or dry 
(dried at 60°C for 72 hours) form, or in fecal energy when measured in 
the wet or dry form. There was, however, an average 3.7% N loss and 
5.0% caloric loss from dry feces compared with wet feces. 

When dry fecal material was subjected to 1, 2, 3 or 4 hours of 
digestion after the sample became clear using the Kjeldahl method, no 
significant difference was observed between the length of digestion 
time and the ZN obtained. 

It may be concluded that either wet or dry pig fecal material may 
be used for N and energy determinations in pig digestion trials, with- 
out significantly influencing results obtained. Digestion time of dry 
fecal material, within the limits studied, did not alter Nas deter= 


mined in the feces. 
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GENERAL DISCUSSION 


Results of the experiments conducted herein show that the DE and 
ME values of RM are lower than those of SM. For instance, the average 
DE of RM was found to be 3.21 kcal/g DM, while the value for SM was 
found to be 4.21 kcal/g DM. The higher crude fiber content of the RM 
and its lower protein content no doubt contribute to its lower avail- 
able energy value when compared with SM. However, the growth-inhibit- 
ing properties in RM, the glucosinolates, appear to have little effect 
on the available energy of RM. The Bronowski RM used in this study 
contained essentially no oxazolidinethione (0.25 mg/g), while the other 
meals varied in oxazolidinethione levels from 1.82 to 10.87 mg/g, and 
no significant differences in DE, ME or ME. were observed between the 
Bronowski meal and the other meals. 

Feed formulators have frequently been using a values derived with 
the chick and applying these values to the pig. Results show that the 
ME Valmesot kM formche pig eis Nienery. 2. 04eversus 2,20 kcal) o,munanm for 
the chick. Similarly, results show that the ME value of 50Z% crude 
protein SM for the pig is higher, 3.64 versus 2.42 kcal/g, than for the 
chick. Thus for high protein feeds, values for DE and ME for the pig 
are higher than those for the chick. Therefore energy values must be 
considered as being species specific when used in diet formulation. 

For example, feed formulators using the ME. value for the chick 
and applying this value to the pig, underestimate the available energy 
of RM by 12 percent. On the basis of ME values for the pig, and 
ignoring nutrients other than energy anduorocein, Ll 507, crude protein 


SM sells for $100.00 per ton, then the feed formulator should not be 
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prepared to pay more than $72.50 per ton for RM. 

The lower crude protein and higher crude fiber content of RM 
compared with SM, resulted in the digestible nitrogen (DN) content of 
RM being significantly lower than the DN content of SM. However if 
the plant geneticist could change the protein and fiber content of 
rapeseed to be more comparable with soybean, then RM should become a 
direct competitor with SM for use in formulation of animal feeds. 


Researchers have found with the chick that different methods of 


Di 


determining the energy values will give different results. The results 


obtained in this study with pigs show no evidence of difference in DE, 
ME or ME. when two different methods were used to determine the energy 
values. Results for this study show that there are some nitrogen and 
energy losses from pig feces dried for 72 hr at 60°C, but in standard 
digestibility studies these losses are not sufficiently large to 
justify the problems associated with attempting to sample and analyze 
wet fecal material for Repo  ere energy. 

Two recommendations are submitted for consideration: 
1. That research by plant breeders, nutritionists, processors and 
others be continued to increase the available energy of RM, in order 
that it may be competitive with SM, and 
2. That energy studies continue to be conducted on RM in view of the 
fact that new varieties of rapeseed, low in erucic acid and/or low in 


glucosinolate levels, will be commercially available within the next 


few years in Canada. 
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APPENDIX A 


Analysis of variance at (P <0.05)% level, for means in Table 6, 
page 30. 


Overall means for combined weights: 


Gross Energy (GE) 


Source df Moo. 
Treatment (T) AS) 0.1491 
Weight (W) 2 1.3671 
Dex Ww 30 0.1044 
Error 144 Oni 


Digestible Energy (DE) 


source faba M.S. 
TE TS Deaeles 
W 2) 3.3805* 
Tx W 30 072523 
Error 144 0.3909 


Metabolizable Energy (ME) 


Source di M.S. 
fe 15 Deg els 
W 2 2.0319% 
dines alt 30 0.2796 
Error 144 0.4428 


Nitrogen--corrected ME (ME) 


source df M.S. 
T 15 3.2097% 
W y) 2.1461%* 
Tac 30 ea 3 7, 
Error 144 ORS 7 


Digestible Nitrogen (DN) 


Source dt M.S. 
T ils) 589705 as 
W 2, TEAM 

AR See AY 30 60.28 


Dreie(oye ibe 67.92 


* 
‘ 


CHE ygichad abatineats a 
’ 43 _ A 


- anit 


xT. 
aera § 
{zi <1 BS videattededal: 


s2ayor 
ae i 
ee 
“wx FT 
70772 


ea SN ial uve apes BF: 


a 
- 
_ 


fb APE 
2 


aie 


APPENDIX B 


Analysis of variance at (P <0.05)* level, for means in Table 7, 
page 31. 


(a) Overall means for 16 kg liveweight: 


GE 
Source df Mas 
aT 15 0.2398 
Error 48 0.0969 
DE 
Source df M.S. 
ih US 1.0443% 
Error 48 OF2203 
ME 
Source df M.S. 
Error 48 Os8z05 
ME 

n 
Source df M.S. 
T 15 1.3044% 
Error 48 0.3596 
DN 
Source dt M.S. 
r 15 BLS 25. 5 


Error 48 ULGSOS 
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APPENDIX B (cont'd) 


Analysis of variance at (P <0.05)* level, for means in Table 7, 
page 31. 


(b) Overall means for 33 kg liveweight: 


GE 
Source df M.S 
of 15 0.0561 
Error 48 0.1426 
DE 
Source at M.S 
T RS) 0.9026%* 
Error 48 0.3205 
ME 
source ar M.S. 
T 15 L020 7s 
Eeror 48 0.3888 
ME 

n 
source dé M.S. 
T 15 1.1848% 
Error, 48 0.4423 
DN 
Source df | Elbe 
T 15 209 Ly Tie. 


Error 48 Boone 


mae 
Sox li 


B aa oF ebay a 


atseet 4 


APPENDIX B (cont'd) 


Analysis of variance at (P <0.05)* level, for means in Table 7, 
page 31. 


(c) Overall means for 65 kg liveweight: 


GE 
Source eRe M.S 
T 75 0.0618 
Error 48 OFT362 
DE 
Source he De 
aT: 15 1.0788% 
Error 48 0.4318 
ME 
Source abe M.S 
T 15 1.0987% 
Error 48 0.4191 
ME 

n 
Source cae M.S. 
T 15 1.3879%* 
Error 48 O02 4451 
DN 
Source eke M.S. 
T 15 Sue WP eish 2 


Error 48 elle 
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APPENDIX C 


Analysis of variance at (P <0.05)* level, for means in Table 10, 
page 40. 


Overall means for feeds: 


GE 
source Gee M.S. 
ib 8) 0.2202* 
EYror 48 0.0407 
DE 
Source (ake M.S. 
is 5 4,0595* 
Error 48 0.2418 
ME 
Source ai M.S. 
T 3 4.1759% 
EXror 48 OF 262%: 
ME 

n 
source df M.S. 
T 3 de 4133° 
Error 48 0.2546 
DN 
source fale Meso 
T 3 605" Come 


Error 48 ae 
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APPENDIX D 


Analysis of variance at (P <0.05)* level, for means in Table 113 
page 42, 


Means for GE, DE, ME, ME. and DN for two methods and two periods: 


GE 

Source cae Maoe 
T 3 OF2Z202* 
Method (M) at 020137 
ee aa 3 OF0627 
Period (P) ii 0.0169 
Tox, P 3 0.0048 
Mx P ih 0.0169 
We Se IMC sie 1B 3 0.0048 
Error 48 0.0407 
DE 


n 
fe) 
e 
5 
e 
0) 
Qu 
Fh 

Ss 
n 


| 
E 


T 3 4,0595* 
M iL 0.0492 

‘eM 3 022073 

Pp ils OAZ574 

di) bie de 3 0.0770 

Mexee 1 OF0P33 

eee iascmr: 3 OROZ LZ 

Error 48 eZee ts 

ME 

Source Che M.S. 

T a 4,1759* 
M 1 0.2746 

ie Seay 3 0.0807 

P itt O<1377 

eee, 35 0.1026 

MEOEe ck On0124 

IN Ge yh ieee! iS 0.0526 

eae 48 0.2821 
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APPENDIX D (cont'd) 


Analysis of variance at (P < 0.05)* level, for means in Table 11, 
page 42. 


ME 
n 


n 
fe) 
a 
B 
ie) 
© 
au 
Hh 
ic 
n 


T 3 3. 4133% 
M 1 0.0778 
(lox eM 3 0.0763 
P af 0.2004 
Te ey 3 Oe oo 2 
Max oP i 0.0339 
ie Mex P 3) 0.0509 
EEror 48 0.2546 
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T 3 665.69 * 
M 1 10326 
eee PL 3 88.45 
P ih Deh 
escaeP, 3) 12335 
Mx P iL ORS 95 
ie ey Se 18 Ss} 10.00 
Error 48 AlW32 
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